The realization of QAH effect requires that a two-dimensional (2D) material must be FM, topological, and insulating simultaneously 9 . Magnetically doped TIs have been proposed 1, 2, 10-12 and experimentally proved 3-6 to be an ideal material system for fulfilling these stringent requirements. For a 3D TI, the inverted bulk band structure ensures topologically protected metallic surface states (SSs), which become 2D when the film is Fig. 1a is a schematic drawing of the transport device, which is similar to that reported previously 3 .
sufficiently thin 13 . The spontaneous FM order induced by magnetic doping not only leads to the anomalous Hall effect, but also opens an energy gap at the Dirac point. When the Fermi level (E F ) lies within this gap, the only remaining conduction channel is the quasione-dimensional chiral edge state, which gives rise to quantized Hall resistance and vanishing longitudinal resistance at zero magnetic field 3, 14 . Up to date, the QAH effect has been observed in Cr or V doped (Bi,Sb) 2 Te 3 TI thin films with accurately controlled chemical composition and thickness grown by molecular beam epitaxy (MBE) [3] [4] [5] [6] .
The MBE-grown QAH insulator film studied here has a chemical formula schematic drawing of the transport device, which is similar to that reported previously 3 .
The film is manually scratched into a Hall bar geometry, and the SrTiO 3 substrate is used as the bottom gate oxide due to its large dielectric constant at low temperature. The Cr concentration, hence the density of local moment, is higher than that in the sample where the QAH effect was originally discovered 3 . As a result, the FM order forms at a higher Curie temperature T C = 24 K as determined by the temperature dependent anomalous
Hall effect (supplementary Fig. S1 ). Another important consequence of higher Cr doping is that the sample becomes more disordered, which is crucial to the physics that will be discussed in this work.
We first demonstrate the existence of QAH effect in this sample. Fig. 1b displays the gate voltage (V g ) dependence of the Hall resistance  yx (blue curve) and longitudinal resistance  xx (red curve) measured at T = 10 mK in a strong magnetic field B = 12 T applied perpendicular to the film. The  yx exhibits a plateau for -10 V < V g < 10 V with its maximum value close to 99.1% of the quantum resistance h/e 2 ~ 25.8 k. In the same V g range  xx shows a pronounced dip with its minimum value close to 0.1 h/e 2 . To show that the apparent Hall quantization in Fig. 1b is due to the QAH effect rather than conventional QH effect in high magnetic field, in Fig. 1c we display the field dependence of  yx measured at V g = -5 V, when  xx reaches a minimum in Fig. 1b . The Hall trace
shows an abrupt jump at zero magnetic field, characteristic of the anomalous Hall effect.
With increasing magnetic field, the  yx value increases gradually and approaches h/e 2 at 12 T. The  xx shown in Fig. 1d exhibits two sharp peaks at the coercive field H C , and decreases rapidly on both sides. The  xx value is around 3 h/e 2 at zero field, but is significantly suppressed to 0.1 h/e 2 at  0 H = 12 T. The overall trend is the same as that shown in the original report of QAH effect 3 , although the quantization is less complete.
To reveal the nature of the quantum phase transition between the two opposite QAH plateaus, in Figs. 2 we zoom into the low field part of the curves in Fig. 1c and 1d .
Although the  yx curve (Fig. 2a) shows the typical square-shaped hysteresis, the zero field  yx value is merely 0.93 h/e 2 and the transition near H C is rather smooth. In the butterfly-shaped  xx curve (Fig. 2b) , the peak  xx value at H C reaches 35 h/e 2 , much larger than that reported previously 3 . Both observations can be explained by the high degree of disorder and small domain size in the current sample with larger Cr concentration, which is not ideal for the achievement of QAH effect. A highly intriguing phenomenon can be revealed when we convert the measured resistivity to longitudinal and Hall conductivity  xx and  xy by using the tensor relation:
. The Hall conductivity (blue curve), interestingly, shows a plateau with  xy = 0 spanning a field scale of ~0.12 T centered around H C . This zero Hall plateau, which was theoretically predicted in Ref. 7 , has never been observed before by experiment and is the main focus of the current work.
To unveil the origin of the zero Hall plateau, in Fig. 3 we display the magnetic field dependent  xy curves measured under varied gate voltages at T = 50 mK (the raw data of  xx and  yx are displayed in Fig. S2 ). For V g between -10 V and +10 V (Fig. 3b to 3f) , there is always a well-defined zero Hall plateau around H C . This gate voltage range corresponds to the QAH plateau in Fig. 1b , when E F lies within the magnetic gap at the Dirac point. When the V g value is increased to 30 V ( Fig. 3a and 3g ), which are outside the QAH regime, the zero Hall plateau feature is much weakened and the Hall conductivity merely shows a shoulder-like curvature around H C . This gate voltage dependence clearly indicates that the zero Hall plateau is closely related to the QAH effect.
The same conclusion can be drawn from the temperature evolution of the zero Hall plateau. Shown in Fig. 4a and 4b are the conductivity measured at seven different temperatures under a fixed V g = -5 V (the raw data of  xx and  yx are displayed in Fig. S3 ).
The  xx curves in Fig. 4a show that with increasing temperature, the H C decreases and the minimum  xx value at H C increases. This is due to the increase of thermally activated parallel SS conduction at higher temperatures. The  xy curves in Fig. 4b show that the zero Hall plateau near H C narrows at high temperatures, and becomes barely visible at T = 3 K. This is accompanied by the decreases of high field  yx value due to the weakening of QAH effect at high temperatures. In Fig. 4c we plot the temperature dependence of the zero Hall plateau width and the  yx value at 12 T extracted from Recently, a microscopic model has been proposed to describe the critical properties of the plateau transition in a QAH insulator 7 . The basic physical picture is that at the coercive field, the chiral edge states at the magnetic domain walls may tunnel into each other when the distance between them is shorter than the spatial decay length of the edge state. Therefore, the plateau transition at the coercivity in a QAH insulator can be mapped to the network model of the integer QH plateau transition in the lowest Landau level (LL) 8, [15] [16] [17] . It was predicted that an intermediate plateau with zero Hall conductivity could occur at H C , and the longitudinal conductivity will show two peaks 7 . The mechanism for the zero Hall plateau is that during magnetization reversal near H C , the mean value of the exchange field gap induced by FM order approaches 0. Accordingly, the system is transitioned into an insulating state where the first Chern number becomes
Although the zero Hall plateau feature observed here is qualitatively consistent with the theoretical prediction in Ref. 7 , a closer examination of the data reveals quantitative differences. First, the  xx curves shown in Fig. 4a reach a minimum at H C and increase monotonically on both sides. This is inconsistent with the double-peak structure predicted in the theory 7 . More importantly, the temperature evolution of the  xy curves shown in One reason for the inconsistency between theory and experiment is the sample studied here is not as perfect as considered theoretically due to the residual SS conduction.
For a more ideal QAH insulator (Fig. S4a) , the  xx curve indeed shows a weak but visible double-peak structure ( Fig. S4b upper panel) . However, in such a sample the zero Hall plateau in  xy is much weakened, only showing a slight curvature near H C (Fig. S4b lower panel). This is because the occurrence of zero Hall plateau requires the sample to break up into many small magnetic domains at H C to create a large number of chiral edge states at domain walls. The current sample with high Cr doping and strong disorder favors the domain proliferation, but an ideal QAH sample with weak disorder prefers the formation of a small number of large domains during magnetization reversal. It is thus fundamentally prohibitive to optimize the zero Hall plateau and QAH plateau simultaneously, although their physical mechanisms are closely related.
The temperature dependence of the slope of  xy shown in Fig. 4d is more puzzling.
In the network model for conventional QH effect, the plateau transition becomes steeper at lower temperature due to the increase of phase coherence length [20] [21] [22] . We propose that the most likely cause of the anomalous behavior here is due to the magnetic domain dynamics in a QAH insulator. For a FM material, the shape of the magnetic hysteresis loop is a very complicated issue that depends on various factors including magnetic anisotropy, strength of the exchange coupling and homogeneity of the sample 23 . In the current sample, the steeper slope of  xy at higher temperature indicates that the reversal of magnetic domain becomes easier with increasing T, although its exact reason is unclear at the moment. The dominant factor here is thus not the phase coherence length of the edge states, but instead the magnetic domain dynamics of the FM TI. Such physics is certainly not included in the network model for the QH plateau transition, and is a unique feature of the QAH plateau transition that is yet to be treated rigorously by theory. Fig. 4d ). This is due to the give it unique advantages for future spintronic applications. 
Methods

MBE sample growth
Transport measurements
The transport measurements are performed in a dry dilution refrigerator with a base temperature T = 10 mK and a magnetic field up to 12 T. The film is manually scratched into a Hall bar geometry, as described previously 3 , and the electrodes are made by mechanically pressing small pieces of indium onto the contact areas of the film. The longitudinal and Hall resistances are measured by using standard four-probe ac lock-in method with an excitation current I = 1 nA. and Hall conductivity σ xy (blue curve) (b), converted from the resistivity data of a more ideal QAH insulator.
In Fig. S4 we display the plateau transition in another QAH insulator with better
Hall quantization. The sample is the one on which the QAH effect was originally observed 2 , and has a chemical formula Cr 0.15 (Bi 0.1 Sb 0.9 ) 1.85 Te 3 so the Cr content is lower than the sample studied in this work. Fig. S4a shows the Hall and longitudinal resistivity, demonstrating a perfectly square-shaped anomalous Hall curve with the zero field ρ yx value already reaching the quantum resistance. The peak ρ xx value at H C is less than 10% of that in the current sample (see Fig. 2b in the main text), indicating much weaker disorder at coercivity presumably due to the larger magnetic domain size. Fig. S4b shows the converted conductivity curves. The  xx curve exhibit a weak but visible double-peak structure at H C , in agreement with the theoretical prediction 3 .
However, the  xy curve does not show the well-defined zero Hall plateau at H C .
Instead, it only exhibits a very weak wiggle. Therefore, the zero Hall plateau is less pronounced for the sample with more ideal QAH effect. As discussed in the main text, this is because the occurrence of zero Hall plateau requires the sample to break up into many small magnetic domains at H C to create a large number of chiral edge states, but an ideal QAH sample prefers the formation of a small number of large domains during magnetization reversal.
